Business enterprises and non-agricultural startups in rural economies play crucial roles in ending the vicious cycle of poverty. The propagation of business enterprises are, however, subject to a high degree of institutional frictions and vacuums e.g., information; but mobile infrastructure which has the externality of flowing information can help overcome most of these vacuums through reduced fixed costs, lower cost of information or search, and outreach to a broader customer base. This paper studies the effects of mobile infrastructure ("mobile use activity") on propagation of rural business enterprises in Niger. Instrumental variable estimates exploit the exogenous introduction of the 2013 national mandatory SIM registration reform which provides a quasi-experimental set-up for mobile use and activity. The mandate deactivated about one-third of all existing prepaid SIMs and led to a remarkable decline in mobile use activity. The results suggest that there is economically substantial effect of mobile infrastructure on propagation of business enterprises. Moving a household with mobile use activity to a no mobile use activity environment due to SIM deactivation results in roughly 33.1 percent points decline in the likelihood of engaging in non-agricultural business enterprises. Most of this effect come from three major sources: households' ownership of a business service or center; ownership of small income generating activities; and involvement in the transformation of agricultural products. There is suggestive evidence that the reform's impact is disproportionately larger for women. With the expansion of mandatory SIM registration reforms in developing countries, the findings have extended implications in these contexts.
INTRODUCTION
Examining the impacts of infrastructure e.g., road network, mobile telephony, freight railways, and other public and private services on economic and development outcomes in general can be challenging (Hansen et al. 2013 ; Tompsett 2013) for many reasons. First, the location and roll out of many infrastructure services are nonrandom and largely driven by the implied costs, demand side aspects and in some cases potential gains to the provider. For instance, locations with higher "potential" demand for mobile infrastructure are more likely to receive first hand network coverage in the case of mobile infrastructure. Similarly, central planners are more likely to provide public services e.g., dams, to denser areas first conditional on the suitability of the underlying engineering processes. Second, once an infrastructure service is provided, the adjacent and nearby areas are more likely to receive the next service since expansion costs can be cheaper (Klonner and Nolen 2010) .
In rural economies, households' engagement in business enterprises play crucial role in their ability to deal with unexpected shocks and poverty outcomes. For instance about 16% of the time, Nigerien households rely on non-agricultural business enterprises and incomes as a coping mechanism in the wake of shocks and extreme events that tend to shape households poverty status (World Bank 2016; Annan and Sanoh 2016). The propagation of business enterprises are, however, subject to a high degree of institutional frictions and vacuums 2 e.g., information (Klonner and Nolen 2010) but mobile phones/infrastructure which has the externality of flowing information can help overcome most of these vacuums through reduced fixed costs, lower cost of information or search, and outreach to a broader customer base. 2 The broader notion of frictions/imperfections in markets across various contexts and their consequences has received significant attention in the economics literature (see e.g., Akerlof 1970; Rothschild and Stiglitz 1976; Giné and Mazer 2016; Giné et al. 2008 and references therein); interested readers are directed to this rich and growing literature.
-3 -With these in mind, this paper takes advantage of the quasi-experimental variation created by the plausibly exogenous introduction of the 2013 mandatory SIM 3 registration reform in Niger. This variation allows us to quantify mobile use and activity's causal impact on the propagation of business enterprises and poverty among households. The SIM mandate deactivated about onethird of all existing prepaid SIMs and made it harder to use newly purchased mobile SIM cards, which led to a remarkable decline in mobile use activity over the period. Most mobile phones were rendered defunct and lesser incentive was created for households to acquire new phones due to the mandate. Mandatory SIM registration reforms are common in sub-Saharan Africa. But despite how widespread these policies are, there is scant bottom-up evidence about their actual effects on households. Our paper makes progress in first evaluating SIM mandates and second in understanding the induced-impact of access to mobile infrastructure on household behavior and welfare. Our paper can be placed at the intersection of these literatures. The combination of rich panel data sets and quasi-experimental variation from a SIM mandate enables us to quantify the impact of mobile infrastructure on two development outcomes which are important in thinking about the vicious cycle of poverty and how to deal with poverty. We ask whether the 2013 SIM registration mandate in Niger impacted mobile use and activity, and then how the exogenous variation in mobile use activity created by such mandate can be used to credibly identify mobile infrastructure's impact on poverty and propagation of local business enterprises. Identification of effects come from the SIM mandate, so we are able to evaluate the (un)intended impacts the SIM mandate simultaneously. We find evidence of the following. First, our analysis indicate that the SIM mandate led to a significant distributional shift in mobile use activity over the period, indicating a substantial drop in mobile activity. Second, there is economically large effect of mobile infrastructure on the propagation of rural business enterprises. The drop in mobile use activity induced by the mandate resulted in about 33.1% points decline in the likelihood of households' engaging in non-agricultural business enterprises. We explore the mechanisms underlying our results and find that most of the effect come from three major sources: 
Figure 2: Timelines of Policy Mandate
Notes: This SIM deactivation exercise came to effect following earlier national registration campaigns. As in other countries, the goal was to curb criminal activity. The mandate is still in force, requiring that new SIMs be registered. These registration requirements uniquely bind in the case of Niger because most of the Nigerien poor lack formal identification proofs, thus limiting the effectiveness of SIM registration campaigns.
DATA AND SUMMARIES
Our analyses rely on rich and new panel data sets collected in Niger between 2011/12-2014/15.
One crucial aspect of the data is that it covers a period before and after the policy mandate, with no overlaps. The panel data come from joint data collection efforts between the World Bank WB and the National Statistical Office NSO of Niger, collected through sample surveys of households, and other business establishments over the period. The data is rich in content, where in each survey year two waves of data collection are carried out spanning three broader areas:
individual households, agriculture and livestock holdings, and community level records.
-8 -
The summary statistics of all relevant variables in our sample are reported in Table 1 . The first two moments and order statistics of each variable are displayed. -9 -
The mobile infrastructure variable is denoted in Table 1 
EMPIRICAL APPROACH
In an ideal experiment designed to quantify the impact of mobile infrastructure: mobile use activity on economic outcomes: business enterprises and poverty, we would observe outcomes for two identically distributed households, then randomly introduce a mobile usage activity to the environment of one and compare outcomes across these "treatment" and "control" conditions.
The 2013 national SIM mandate helps to mimic such conditions. The policy mandate deactivated some existing lines and made it harder to use newly purchased mobile SIM cards, which lead to a remarkable decline in mobile use activity over the period. In principle, the unaffected households after the policy can be considered a "control" for the same households just after the policy "treatment." Here, the impact of the policy reform is identified as any response in household outcomes that occur due to the mandate via mobile use and activity. Our goal is exploit this policy and mobile use conditions to quantify the direction and extent of such responses.
Constructing "Policy Instrument" and Model βMOBILE where the PolicyInstrument is used to instrument for MOBILE controlling for both cluster and year fixed effects and respectively. All relevant control variables are housed in the vector : respondents level of education, gender, marital status, and age. First, it is crucial that the policy instrument be related to mobile use and activity (i.e., a relevance requirement).
Even without any rigorous analysis, it is straightforward to discern relevance from Figure 3a .
The figure demonstrates that access and use of mobile phones dropped remarkably in the sample years as result of the National reform.
5
This is because the SIM reform made it harder to use new SIM cards and deactivated some existing SIM lines. Such observed changes in mobile use activity support from the data is consistent with discussions in SIM Registration section.
Next, the identifying assumption underlying the research design is that the exact timing of the announcement of the mandatory SIM reform was not anticipated before it came to play. If households anticipated the announcement, they might have started to alter their SIM and mobile 5 Figure 3b shows the growth/changes in average mobile use likelihoods across regions following the SIM deactivations, which suggests considerable variations that we shall exploit in our analysis to estimate the implied effects.
-11 -use activity prior to the 2013 mandate. But if this were true, it would likely cause us to underestimate any true effect that the mandate might have had because pre-reform mobile use and activity would look more similar to post-reform mobile use behavior. While households' anticipation of the mandate is unclear, we provide partial evidence in favor of our assertion. Note that in the spirit of regression discontinuity RD set up, we consider time as a running variable and show that household characteristics are insignificantly different before and after the SIM reform ( The illustration in Table 2 partly supports the underlying argument. Changes in distributional moments of the various observable household characteristics before and after the 2013 SIM mandate are reported in Table 2 . We expect to see significant changes in the relevant 
RESULTS
This section reports and discusses the main empirical estimates that quantify the sign and magnitude of business enterprises and poverty responses to changes in mobile use activity. We estimate our main Equation using OLS and 2SLS. β is our main parameter of interest. This captures the sign and size of the above outcome responses to the mobile infrastructure. While the -13 -2SLS estimates are based on the policy instrument, those from the OLS reflect endogenous linkages from mobile use activity. Table reports estimates from regressions of "engagement in non-agricultural business enterprises" on mobile use and activity. Columns differ based on the combination of model type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by * * * 1%, * * 5%, * 10%. Unit of Analysis: household-level
Main estimates
We begin with results from the OLS. Those pertaining to business enterprises are contained in Table 3 . We expect positive relationship between mobile activity and propagation of business Table reports estimates from regressions of "engagement in non-agricultural business enterprises" on mobile use and activity. Columns differ based on the combination of models type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by * * * 1%, * * 5%, * 10%. Unit of Analysis: cluster-level
Next, results from 2SLS estimations that pertains to business enterprises are reported in Table 5 . 6 We expect negative and sizable effects of the SIM mandate since the reform resulted in much less mobile use and activity over the period. Table 4 replicates OLS estimations reported in table 3 but with the unit of analysis now being cluster level. OLS results are similar across the two different unit of analysis. All 2SLS estimations are carried at the cluster level.
-15 -results in about 33.1% points decline in the chance of engaging in non-agricultural business enterprise. Table reports estimates from regressions of "engagement in non-agricultural business enterprises" on mobile use and activity. Columns differ based on the combination of models type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by * * * 1%, * * 5%, * 10%. Unit of Analysis: cluster-level Most of the control variables included in the various regressions have their expected signs; but not all are precisely estimated. In the OLS, the gender variable which is equal to one if the survey respondent is a female and zero otherwise is positive throughout all specifications. This implies that female run households are more likely to engage in business enterprises compared to their male counterparts; highlighting the gender aspects and vital role that women play. But this estimate is not significant. Marital status which takes a value equal to one if the survey respondent is married is positive and statistically significant at 5% in all but the last specification. The implication is that the married are more likely to engage in non-agricultural enterprises than the unmarried households. Column 4 examines heterogeneous responses across gender by interacting MOBILE with the gender variable. The estimate of the interaction is negative but indistinguishable from zero, suggesting limited evidence in favor of heterogeneous gender effects of mobile use activity on non-agricultural enterprises. In the 2SLS, gender is also positive and insignificant while marital status is negative and insignificant. Estimate for the interaction between MOBILE and gender is similar and insignificant. While the estimate for the interaction between MOBILE and gender (i.e., female) is not significant, the negative sign highlights that women have been more vulnerable to the mandatory SIM registration exercise. This can be explained by the fact that women tend to disproportionally work in non-farm selfemployments. Table reports estimates from regressions of the various aspects of engagement in non-agricultural business enterprises on mobile use and activity. Columns differ based on the combination of the dependent variable, model type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by *** 1%, ** 5%, *10%. Unit of Analysis: cluster-level. involvement in the transformation of any agricultural products; and having any non-farm profession. Our panel surveys provide information about these aspects. Table reports estimates from regressions of the various aspects of engagement in non-agricultural business enterprises on mobile use and activity. Columns differ based on the combination of the dependent variable, model type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by *** 1%, ** 5%, *10%. Unit of Analysis: cluster-level. Tables 6-9 replicate previous estimations, but separately for each aspect of household business enterprises. All dependent variables are binary, and the columns reflect specified models. The OLS estimates are reported in Tables 6 and 7 , while those from our preferred 2SLS are presented -18 -in Tables 8 and 9 . 7 Note that results displayed in Tables 7 and 9 include all relevant control   variables; Tables 6 and 8 omit the controls. Table reports estimates from regressions of the various aspects of engagement in non-agricultural business enterprises on mobile use and activity. Columns differ based on the combination of the dependent variable, model type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by *** 1%, ** 5%, *10%. Unit of Analysis: cluster-level.
The 2SLS estimates on mobile activity MOBILE are mostly significant and negative, as we would expect. Effects are large under the following 3 aspects: households' ownership of a business service or center (-0.125); ownership of small income generating activities (-0.147); and involvement in the transformation of agricultural products (-0.178). These are then followed by households' engagement in any sort of construction enterprises and the making of clothing for local sale. We do not find any effects for the other aspects, e.g., having own profession and ownership of a commercial transport business, which we do not find surprising. Most of the Nigerien households are agrarian, which helps to explain why the transformation of agricultural products will show the largest mobile activity impact. Next, households' ownership of a business service or center is also expected to be largely affected by the SIM deactivation exercise since most of these service centers operate directly on the mobile infrastructures, e.g., the recent and 7 The OLS results are included here for mere display, we shall focus discussions below on the results from our preferred 2SLS/Policy Instrument. Table reports estimates from regressions of household poverty status on their engagement in non-agricultural business enterprises and in some cases mobile use and activity. Columns differ based on the combination model type and fixed effects included. All standard errors are clustered at the region level and shown in parentheses. Significance levels are indicated by *** 1%, ** 5%, * 10%. Unit of Analysis: cluster-level. MOBILE use activity is hardly significant once households' engagement in business enterprises is controlled for. Table 10 reports results based on OLS regressions of household poverty on business enterprises.
Results from 6 models are presented; in some versions of the poverty-business relationship, we directly control for mobile use activity. But as expected, mobile use is hardly significant once households' engagement in business enterprises are controlled for, highlighting the dominant role of business enterprises. The coefficient on "Business Enterprise is negative and significant across the wide range of models. These range between a -0.023 to -0.077; implying that households who engage in non-agricultural business enterprises are about 2.3% to 7.7% points -20 -less likely to become absolute poor compared to households that do not engage in some form of business enterprise. While results from Table 10 document the vital role of business enterprises in household poverty, the estimates should be interpreted with caution in that they likely suffer omitted variable biases.
CONCLUSION
The aim of this paper has been to exploit the quasi-experimental variation created by the exogenous introduction of the 2013 mandatory SIM registration reform in Niger to document the impact of mobile use activity on propagation of business enterprises and poverty among households. We leverage new rich data sets on various aspects of business enterprises, use of mobile telephony along with a policy instrument based on the SIM mandate/deactivation process. Our analysis document two important results. First, the SIM mandate lead to a remarkable decline in mobile use activity over the period. Second, there is economically large effect of mobile infrastructure on propagation of rural business enterprises. The drop in mobile use activity induced by the mandate resulted in about 33.1% points decline in the likelihood of households' engaging in non-agricultural business enterprises, which has extended impacts on poverty. There is suggestive evidence that the reform's impact is disproportionally larger for women. Exploring the potential mechanisms underlying our results, we find that most of the effect come from three major sources: households' ownership of a business service or center; ownership of small income generating activities; and involvement in the transformation of agricultural products.
These results have important policy implications. Mandatory SIM policies meant to curb crime have become popular across sub-Saharan Africa. First, the soundness of these policies require much broader Benefit-Cost assessments, which in turn have led to various policy discussions across various circles. The findings provide evidence in favor of ongoing policy debates and arguments suggesting that mandatory SIM policies can generate un-intended consequences on the local economy among poor populations e.g., Niger. Second, given the large documented unintended negative effects of Niger's SIM mandate, we will need fuller assessment of such registration exercises across the spectrum for security or commerce moving forward to justify them.
